The effect of substituting potato by-products based silage (PBS) for concentrates on ruminal fermentation, methane production and nitrogen utilization in Holstein steers was evaluated. Three growing Holstein steers (490±19 kg, initial body weight) were used in a 3×3 Latin square experiment with three experimental diets in which PBS was included at (1) 0, (2) 19 and (3) 27%, on a dry matter basis, replacing concentrates and wheat bran. Increasing replacement levels of PBS slightly increased dry matter (DM), organic matter (OM), NDF and ADF intakes by the steers (p<0.05). Inclusion of PBS at 19% increased crude protein (CP) digestibility of the experimental diets compared with the control (p<0.05). Substitution with PBS increased ADF digestibility and nitrogen retention (p<0.05), but did not affect energy retention. Energy loss as methane ranged between 5.0 and 6.1% of the total gross energy intake. There were no significant differences in carbon dioxide and methane production among all PBS levels, while daily methane production numerically increased with PBS inclusion. Substituting PBS for concentrates did not significantly affect ruminal pH and ammonia N concentration. Total VFA concentration, VFA molar proportions and blood metabolites were also unaffected by PBS replacement. These results suggest that substitution of PBS up to 27% of diet dry matter did not significantly increase methane production and was equal or superior to concentrates in ADF digestibility and nitrogen retention for growing steers.
INTRODUCTION
Agricultural food processing industries such as potato processors yield a huge amount of by-products which need to be discarded. Disposal of these by-products is an economic and environmental problem. Ensiling potato byproducts may benefit both commercial beef producers and potato processors. Potato by-products based silage (PBS) is produced commercially from potato by-products, which include culled potatoes and steam-peeled potato processing waste with grain by-products, and is used as feed for beef cattle in Hokkaido, Japan. In a previous study, Pen et al. (2005) reported that feeding growing Holstein steers with PBS did not negatively affect carcass characteristics but surpassed concentrate-fed beef in terms of producing beef that contained a higher proportion of linoleic acid (C18:2).
It has long been recognized that feeding high-fibrous diets to cattle increases ruminal methanogenesis (Blaxter, 1962) and ammonia accumulation (Annison, 1956 ) which are two processes that have been implicated in global warming (Duxbury et al., 1993) and N pollution (Yeck et al., 1975; Nolan et al., 1976) , respectively. Potato by-products such as potato peelings and culled potatoes are attractive feedstuffs because of their availability, higher energy concentration and low cost (Monteils et al., 2002) . Replacing concentrates with potato by-products such as PBS would be desirable, however, feeding PBS alone or in a partial replacement of concentrates may increase methane production due to its higher fiber content. There is limited research available on feeding potato by-products; either fresh or after ensiling to cattle. If this by-product is to be incorporated into diets, more knowledge about its digestive features is required. Therefore, the present study was conducted to determine the effect of increasing potato byproducts based silage inclusion in diets on ruminal fermentation, methane production and nitrogen utilization and to determine the optimal replacement rate of potato byproducts based silage (PBS) for concentrates in fattening diets of Holstein steers.
MATERIALS AND METHODS

Animals and diets
Three growing Holstein steers (490±19 kg, initial body weight) were used in a 3×3 Latin square design experiment. Before the experiment began steers were acclimated to metabolism stanchions to ensure that all steers maintained uniform patterns of feed intake during subsequent experimental measurements. After the acclimation period animals were weighed and randomly allocated to the 3 experimental diets, which PBS was included at 0, 19, or 27% of diet DM, in a different sequence. The PBS used in the experimental diets was ensiled from, on a fresh basis, 29% potato peelings, 29% culled potato, 17.4% potato gluten feed, 4.3% potato pulp, 8.7% corn cob, 2.9% beet pulp, and 8.7 culled bean. The chemical composition of the diet components and concentrates is shown in Table 1 . The feed offered provided TDN and crude protein content at 130% of maintenance levels in accordance with the recommendations of the Japanese feeding standard for beef cattle (AFFRC, 1995) .
Experimental procedure
Each of the 3 experimental periods lasted for 21 days, comprising 14 days of adaptation to the experimental diets and a 7-day period for collection and measurement. The steers were housed in an individual metabolism stanchion and were offered feed twice daily in equal amounts at 9:30 h and 16:30 h. Mineral blocks (Fe 1232, Cu 150, Co 25, Zn 500, I 50, Se 15 and Na 382 mg/kg) and clean drinking water were provided ad libitum. All animals were weighed at the beginning and end of each experimental period. The experimental protocol was approved by Obihiro University of Agriculture and Veterinary Medicine Committee for Animal Use and Care.
Digestion study
On days 1-5 of the collection and measurement period, total feces and urine were collected and weighed from each animal. Feces were collected into containers and urine was collected into separate containers and 300 ml of 15% H 2 SO 4 was added to maintain urine pH below 4. Feed, feed refusal and water consumption were measured daily before morning feeding, and samples of feed and feed refusal were taken. Total feces were weighed and 3% of them were collected for chemical analysis. Daily samples of feed, feed refusal, and feces were dried in a forced-air oven at 60°C for 48 h, air-dried for 24 h at room temperature, and weighed. After being ground to pass through a 1-mm screen, the samples were composited for each animal and stored in air-tight containers until analysis. Urine output was filtered through filter papers to remove solids and weighed. A 5% aliquot was taken, then added to a composite sample, and frozen.
Gaseous exchange measurement
On days 1-6 of the collection and measurement period, oxygen consumption, carbon dioxide and methane production were monitored by a fully automated opencircuit respiratory system using a hood over the animal's head (Takahashi et al., 1998) . Gas analyzers were calibrated against certified gases with known gas concentrations at the beginning of each measurement day. Methane gas volume was converted to energy values using the conversion factor 39.54 kJ/L and heat production of the steer was calculated using the equation (Brouwer, 1965) 
Blood and rumen fluid collections
On the last day of each collection and measurement period (day 7), blood and rumen fluid samples were collected at 0 and 5.5 h after morning feeding. Blood samples were collected into heparinized tubes from the jugular vein, placed on ice immediately and then centrifuged at 3,000×g for 10 min at 3°C. Plasma was decanted and stored at -30°C until analysis. Ruminal fluid samples were collected using a flexible stomach tube inserted into the rumen via the esophagus. The collected rumen fluid was immediately strained through 4 layers of cheesecloth and pH values were measured immediately (HM-21P, DKK TOA Electrics Ltd., Tokyo, Japan). The strained rumen juice samples were placed in conical tubes and stored at -30°C until analysis.
Laboratory analysis
Feed, feed refusal, and fecal samples were analyzed for dry matter (DM), crude protein (CP), ether extract (EE), and organic matter (OM) according to the procedures of AOAC (1990). Acid detergent fiber (ADF) and neutral detergent fiber (NDF) were analyzed according to the method of Van Soest (1967) . Urinary samples were analyzed for nitrogen content by the micro-Kjeldahl method. The gross energy (GE) in feeds, feed refusal, feces, and urine was determined by Bomb calorimeter (CA-4P, Shimadzu, Tokyo, Japan) as described by Mwenya et al. (2004) . Urinary samples were prepared by freezing a mixture of 2 g of urine and 1 g of cellulose powder in a bomb capsule overnight and then freeze-dried. The combustion heat of urine was calculated by subtracting the total combustion heat with the combustion heat of cellulose. Blood plasma samples were analyzed for blood urea nitrogen (BUN), glucose and nonesterified fatty acids (NEFA) according the procedure described by Toharmat et al. (1998) . Rumen fluid samples were analyzed for NH 3 -N concentration according to the procedures of Conway and O' Malley (1942) and volatile fatty acid (VFA) concentrations. The VFA concentrations were analyzed by gas-liquid chromatography (Shimadzu GC-14A, Kyoto, Japan) equipped with a flame-ionization detector and a capillary column (Ulbon HR-52, 0.53 mm ID ×30 m, 3.0 µm) by using 2-Ethyl-n-butyric acid as an internal standard. The operation conditions were: injector temperature, 190°C; detector temperature, 280°C; column temperature 50-90°C (5°C/min). The VFA concentrations were calculated using a Chromatopac data processing system (C-R 4A, Shimadzu, Kyoto, Japan).
Statistical analysis
Data from digestion and metabolism trials were analyzed as a 3×3 Latin square using GLM procedure of SAS (Ver. 6.12; SAS Inst., Inc., Cary, NC). The model included effects for steers, experimental periods and diets. Treatment means were compared using Duncan's multiple range tests. An orthogonal contrast was used to compare the effect of control with PBS substitution diets (o vs. others). Significance was declared at p<0.05, and trend was determined at 0.05<p<0.1, unless otherwise stated.
RESULTS AND DISCUSSION
Feed and feed intake
The chemical composition of the diet components and ingredient composition of concentrates are presented in Table 1 . The PBS was lower in dry matter (DM), ether extract (EE), crude protein (CP) and TDN, and was higher in ADF and NDF than concentrates. The ingredients, Table 2 . Dry matter and EE of diets decreased as PBS replacement levels increased from 19 to 27% of diet DM due to higher moisture and lower EE in PBS than in concentrates. Substituting PBS for concentrates up to 27% on a DM basis in diets did not affect TDN or CP intakes, but increased DM, OM, NDF and ADF intakes (p<0.05) and decreased intakes of EE (p<0.01) and hemicellulose (p<0.05), however, the increases were small (Table 3) . These effects were due to PBS being higher in DM, OM, NDF and ADF, and lower in EE and hemicellulose (on a TDN basis) than concentrates. Onwubuemeli et al. (1985) reported that DM intake was not affected in steers fed a diet with potato waste inclusion at 10, 15, and 20% (ad libitum). However, increasing levels of potato by-product in diets from 0 to 40% (Radunz et al., 2003) and from 0 to 60% (Stanhope et al., 1980) significantly decreased DM intake in steers. In a previous study, Pen et al. (2005) reported that feeding steers with PBS up to 75% did not affect overall DM intake during the 6-month feeding period, although DM intake was decreased at a later stage.
Apparent digestibility
Substitution of PBS in diets did not affect nutrient digestibility, except for CP and ADF digestibility (Table 3) . Stanhope et al. (1980) reported that DM digestibility was not affected by levels of potato processing residue in the diets. However, decreases in OM and NDF digestibility in lactating cows has been reported when potato meal was included at ensiling (Schneider et al., 1985) . Steers fed 19% PBS diet had greater CP digestibility compared with steers fed other diets (p<0.05). This effect could reflect a decrease in fecal N in steers fed 19% PBS diet compared with the control and 27% PBS diets (Table 4) . However, it is not clear why CP digestibility was increased with PBS replacement at 19% but not at 27%. Onwubuemeli et al. (1985) reported that inclusion of wet potato wastes up to 20% in the ration (on a DM basis) did not affect CP digestibility in steers. Inclusion of PBS in diet increased ADF digestibility compared with the control diet (p<0.05). This effect could be attributed to higher energy intake in steers fed PBS diets (29-30 Mcal/d) compared with the control diet (28 Mcal/d). Potato by-products such as potato peelings, culled potatoes and potato pulp contain a relatively high amount of fermentable carbohydrates, and the fermentation of these PBS carbohydrates would enable ruminal microorganisms to digest fiber more efficiently in feed-restricted steers. Furthermore, the differences in ADF digestibility might be due to PBS fiber being easier to digest than wheat bran, which was included only in the control diet. In contrast, Onwubuemeli et al. (1985) found a decline in ADF digestibility in steers fed ad libitum a diet with potato waste substitution at 20%.
Nitrogen and energy metabolism
The nitrogen and energy metabolism is presented in Table 4 . Steers fed PBS at a 19% inclusion level had lower (p<0.05) fecal N than the control and the 27% PBS level, which resulted in increased (p<0.05) digestible N. Urinary N tended to decrease (p = 0.06) when PBS replacement levels increased from 19 to 27%. These results are consistent with Onwubuemeli et al. (1985) who reported that inclusion of potato processing residue at 20% of diet DM decreased fecal N and had no effect on urinary N in steers. The daily fecal and urinary N excretions as percentage of N intake ranged between 29.1 and 31.7% and between 35.0 and 39.6%, respectively, which were similar to those reported by Onwubuemeli et al. (1985) , but were slightly higher than those found by Hoover et al. (1976) . Inclusion of PBS at levels of 19% and 27% of diet DM increased N retention (p<0.05). These data suggest that either more dietary nitrogen was digested in the rumen or that rumen ammonia was utilized more effectively in the presence of the PBS. These results are consistent with Schneider et al. (1985) who found metabolized nitrogen was higher for lactating cows consuming silage with potato meal inclusion than without. Steers fed diets with PBS inclusion had higher total GE intake compared to steers fed the control diet (p<0.05). This might be attributed to higher GE in PBS than concentrates (6.78 vs. not affect energy losses in feces, urine, and heat production. The energy loss in feces and urine as percentage of GE intake ranged between 24.0 and 26.3% and between 1.8 and 2.1%, respectively. Numerical increase in energy loss as methane when concentrates were replaced with PBS at 19 and 27% (5.0 vs. 5.6-6.1% of GEI, control vs. 19 and 27% PBS diets) was observed. This effect might be due to increased ADF digestibility (Table 3) . Hoover et al. (1976) reported that energy losses in urine and methane were lower in steers fed potato silage compared to corn silage. Inclusion of PBS in diets did not affect metabolized energy but energy retention was numerically decreased, which might be due to a numerical increase in energy loss as methane.
Mcal/kg TDN). Inclusion of PBS in diets did
Methane production
The respiratory gaseous exchange of steers fed 0, 19, and 27% PBS diets is shown in Table 5 . Replacing concentrates with PBS in diets did not affect carbon dioxide production. Numerical increases in methane production and oxygen intake were observed with PBS replacement. These numerical increases in methane production and O 2 intake might be reflected by higher DM intake in steers receiving diets with PBS inclusion. It has long been recognized that feeding high-fibrous diets to cattle increases methane production in the rumen (Blaxter, 1962) . The diurnal changes in oxygen uptake, carbon dioxide and methane production of the steers are presented in Figure 1 . In all PBS levels, methane and carbon dioxide production and oxygen intake increased immediately after morning and afternoon feedings.
Rumen fermentation characteristics
The effect of increasing levels of PBS inclusion on ruminal fermentation is shown in Table 6 . It is expected that rapid fermentation of readily available carbohydrates in PBS may reduce ruminal pH, however, ruminal pH was unaffected by PBS inclusion. The inefficacy of PBS inclusion on ruminal pH in steers fed diets with up to 40% of potato waste of diet DM has also been reported (Radunz et al., 2003) . In contrast, an increase in ruminal pH with the addition of steam-peeled potato wastes in diets has been reported (Onwubuemeli et al., 1985) . In the present study, PBS inclusion did not affect ruminal NH 3 -N concentration in steers. Radunz et al. (2003) reported increased ruminal NH 3 -N concentration in steers fed diets with potato waste inclusion, while Onwubuemeli et al. (1985) reported a decrease in ruminal NH 3 -N concentration when potato waste replaced high-moisture corn in feed.
There were no significant differences in total VFA concentration and VFA molar proportions among all diets, but only butyrate molar proportion declined (p<0.05) in steers fed a 19% PBS diet compared to those fed the control diet (Table 6 ). Radunz et al. (2003) reported an increase in total VFA concentration and butyrate molar proportion and a decrease in propionate molar proportion as replacement levels of potato by-products was increased. Onwubuemeli et al. (1985) reported decreases in total VFA and acetate concentration, and acetate to propionate ratio, and an increase in propionate molar proportion when wet potato by-products replaced high-moisture corn. Schneider et al. (1985) found a decrease in acetate molar proportion and an increase in propionate molar proportion when potato meal was ensiled with forage. 
Blood metabolites
PBS substitution in diets did not significantly affect the concentration of plasma glucose, NEFA and blood urea-N (BUN) ( Table 7) . Onwubuemeli et al. (1985) found no effects of potato by-products on plasma glucose concentration. The plasma glucose concentration in the present study was relatively higher than that found in lactating cows receiving silage with up to 20% of potato byproducts (Onwubuemeli et al., 1985) and non-lactating cows receiving grass silage alone (Santoso et al., 2003) . This could be attributed to the higher proportion of concentrates ingested by steers in this study (Dhiman et al., 1991) . Plasma glucose and BUN are considered a reflection of the amount of ingested starch and protein or the ratio of these nutrients consumed (Blowery et al., 1973) . Pethick and Dunshea (1993) suggested that NEFA entry into the plasma pool reflect fat mobilization.
CONCLUSIONS
Data from this study suggest that substitution of potato by-products based silage for concentrates up to 27% of diet dry matter did not significantly increase methane production and improved ADF digestibility and nitrogen retention. Further study is required with a larger number of cattle and more PBS replacement levels before it can be recommended that it be incorporated into diets. However, in general, potato by-products based silage has lower protein content and an equal energy value compared with concentrates on a dry matter basis. Therefore, potato byproducts based silage may be used as a substitute for concentrates as an energy source in growing and finishing diets for beef cattle. Utilization of potato by-products for animals feed may eliminate a substantial pollution problem for the potato industry and provide a feedstuff which might be beneficial to cattle production.
